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(54) POWER SUPPLY DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a technique for 
preventing a decrease in energy efficiency of an overall 
power supply device having a fuel cell. 

SOLUTION: The power supply device 15 stops an 
auxiiary machine 40 of the fuel eel 60, such as a fuel 
gas supply unit, an oxygen containing gas supply unit or 
the like of a fuel eel system 22 when a capacitor 
voltage la larger than a first reference voltage. When 
the capacitor voltage becomes lower than a second 
reference voltage, the fuel eel system 22 is operated 
Id obtain a power from the fuel cell 60. The operating 
state of the auxiiary machine 40 may be transferred 
from a normal operation to a standby operation at a 
stage of a lower capacitor voltage before the capacitor 
voltage exceeds the first reference voltage- The 
operating state of the auxiiary machine 40 may be 
transferred from a normal operation to a standby 
operation at a stage of a lower capacitor voltage after 
the capacitor voltage is lower than a the second 
reference voltage. Thereafter, the auxiiary machine 40 
is normaBy operate d . When the auxiiary machine 40 is 
stopped or standby operated, electric power is obtained 



from the capacitor 24. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

It is an operating method of an electric power unit provided with a fuel cell and a capacitor 
which were connected to predetermined load in parallel to wiring which supplies electric power, 

(a) A process of detecting voltage of said capacitor, 

(b) An operating method of an electric power unit provided with a process of suspending 
operation of said auxiliary device, in the state where an auxiliary device operated for power 
generation by said fuel cell is operated when voltage of said capacitor becomes the 1st 
reference voltage. 

[Claim 2] 

It is an operating method of the electric power unit according to claim 1 , and is a pan, 

(c) An operating method of an electric power unit provided with a process of starting operation 
of said auxiliary device when voltage of said capacitor descends in the state where operation 
of said auxiliary device is suspended, to the 2nd reference voltage that has a value smaller 
than said 1 st reference voltage. 

[Claim 3] 

It is an operating method of the electric power unit according to claim 2, 

An operating method which is voltage predetermined [ near the open circuit voltage of said fuel 

cell ] in said 1st and 2nd reference voltage. 

[Claim 4] 

It is an operating method of the electric power unit according to claim 2, and is a pan, 

(d) A process of opening connection to said wiring of said fuel cell when voltage of said 
capacitor becomes the 3rd reference voltage that has a value below said 1st reference voltage 
in the state where said fuel cell is connected to said wiring, 
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(e) An operating method of an electric power unit provided with a process of carrying out re 
connection of said fuel cell to said wiring when voltage of said capacitor descends in the state 
where connection to said wiring of said fuel cell is opened wide, to the 4th reference voltage 
that has a value below said 2nd reference voltage. 

[Claim 5] 

It is an operating method of the electric power unit according to claim 4, 

Said 3rd reference voltage has a value more than said 4th reference voltage lower than said 

1st reference voltage, 

Said operating method is further, 

(f) Until it exceeds said 1st reference voltage or is less than the 4th reference voltage, after 
voltage of said capacitor exceeds said 3rd reference voltage, An operating method of an 
electric power unit provided with a process of making operational status of said auxiliary device 
into operational status in which power consumption is lower than operational status of said 
auxiliary device when voltage of said capacitor is lower than said 3rd reference voltage. 
[Claim 6] 

It is an operating method of the electric power unit according to claim 4, 
Said 4th reference voltage has a value lower than said 2nd reference voltage, 
Said operating method is further, 

(f) Until it is less than said 4th reference voltage or exceeds said 1st reference voltage, after 
voltage of said capacitor is less than said 2nd reference voltage, An operating method of an 
electric power unit provided with a process of making operational status of said auxiliary device 
into operational status in which power consumption is lower than operational status of said 
auxiliary device after being less than said 4th reference voltage. 
[Claim 7] 

It is an operating method of the electric power unit according to claim 1, 

An operating method containing a device for said auxiliary device to supply fuel gas to said fuel 
cell. 

[Claim 8] 

It is an electric power unit which supplies electric power to predetermined load, 

A fuel cell system and a capacitor which are connected to said load in parallel to wiring which 

supplies electric power, 

A voltmeter which detects voltage of said capacitor, 

It is an electric power unit provided with a control section which controls operation of said fuel 
cell system, 

Said fuel cell system is provided with a fuel cell and an auxiliary device operated for power 
generation by said fuel cell, 

An electric power unit with which said control section outputs directions which suspend 
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operation of said auxiliary device in the state where said auxiliary device is operated when 
voltage of said capacitor becomes the 1st reference voltage. 
[Claim 9] 

It is the electric power unit according to claim 8, 

An electric power unit with which said control section starts operation of said auxiliary device 
when voltage of said capacitor descends in the state where operation of said auxiliary device is 
suspended, to the 2nd reference voltage that has a value smaller than said 1st reference 
voltage. 
[Claim 10] 

It is the electric power unit according to claim 9, 

An electric power unit which is voltage predetermined [ near the open circuit voltage of said 
fuel cell ] in said 1st and 2nd reference voltage. 
[Claim 11] 

It is the electric power unit according to claim 9, and is a pan, 

It has a switch containing connection between said fuel cell and said wiring, 

Said control section, 

In the state where said fuel cell is connected to said wiring, when voltage of said capacitor 
becomes the 3rd reference voltage that has a value below said 1st reference voltage, 
directions which make said switch an opened state are outputted, 

An electric power unit which outputs directions which make said switch a closed state when 
voltage of said capacitor descends in the state where connection to said wiring of said fuel cell 
is opened wide, to the 4th reference voltage that has a value below said 2nd reference voltage. 

[Claim 12] 

It is the electric power unit according to claim 1 1 , 

Said 3rd reference voltage has a value more than said 4th reference voltage lower than said 
1st reference voltage, 

Said control section until it exceeds said 1st reference voltage or is less than the 4th reference 
voltage, after voltage of said capacitor exceeds said 3rd reference voltage, An electric power 
unit which makes operational status of said auxiliary device operational status in which power 
consumption is lower than operational status of said auxiliary device when voltage of said 
capacitor is lower than said 3rd reference voltage. 
[Claim 13] 

It is the electric power unit according to claim 1 1 , 

Said 4th reference voltage has a value lower than said 2nd reference voltage, 

Until said control section is less than said 4th reference voltage or exceeds said 1st reference 

voltage, after voltage of said capacitor is less than said 2nd reference voltage, An electric 
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power unit which makes operational status of said auxiliary device operational status in which 
power consumption is lower than operational status of said auxiliary device after being less 
than said 4th reference voltage. 
[Claim 14] 

It is the electric power unit according to claim 8, 

An operating method containing a device for said auxiliary device to supply fuel gas to said fuel 
cell. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to an electric power unit provided with a fuel cell and a capacitor. 
[0002] 

[Description of the Prior Art] 

As a utilizing method of an electric power unit provided with a fuel cell, the method of using as 
a power supply for a drive of an electromobile is proposed, for example. The driving force of 
vehicles can be obtained by supplying the electric power which a fuel cell generates to the 
drive motor of an electromobile. In JP,8-191 1 5,A, what is provided with a capacitor as such an 
electric power unit in addition to a fuel cell is indicated. This electric power unit supplies energy 
from both a capacitor or a fuel cell and a capacitor at the time of large load. 
[0003] 

[Problem(s) to be Solved by the Invention] 

The fuel cell system provided with a fuel cell has the character in which the energy efficiency of 
the whole fuel cell system falls greatly at the time of low-power output, with the output 
characteristics of a fuel cell. That is, when operating a fuel cell, the various pumps in 
connection with fuel supply, etc. consume predetermined electric power, but the rate of such 
power consumption of as opposed to a production of electricity in the time when a production 
of electricity is smaller becomes large. Therefore, the energy efficiency of a fuel cell system 
falls at the time of low-power output. Then, in the electric power unit provided with a fuel cell, 
composition which fully secures the energy efficiency of the whole system was desired at the 
time of the low-power output to which the efficiency of a fuel cell system falls. 
[0004] 

This invention is made in order to solve the conventional technical problem mentioned above, 
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and in an electric power unit provided with a fuel cell, an object of this invention is to provide 
the art of preventing the energy efficiency of the whole electric power unit from originating in 
the energy efficiency of a fuel cell system falling, and falling. 
[0005] 

[The means for solving a technical problem, and its operation and effect] 

To achieve the above objects, this invention performs predetermined processing in the 

following electric power units which supply electric power to predetermined load. This electric 

power unit is provided with the fuel cell system and capacitor which are connected to load in 

parallel to the wiring which supplies electric power, the voltmeter which detects the voltage of a 

capacitor, and the control section which controls operation of a fuel cell system. A fuel cell 

system has with a fuel cell and the auxiliary device operated for power generation by a fuel 

cell. 

[0006] 

The voltage of a capacitor is detected in the above electric power units. In the state where the 
auxiliary device operated for power generation by a fuel cell is operated, when the voltage of a 
capacitor becomes the 1st reference voltage, operation of an auxiliary device is suspended. If 
it is considered as such a mode, in the field where the efficiency of power generation by a fuel 
cell is low, it can replace with a fuel cell, electric power can be supplied from a capacitor, and 
the power consumption by the auxiliary device of a fuel cell can be reduced. 
[0007] 

In the state where operation of an auxiliary device is suspended, when voltage of a capacitor 
descends to the 2nd reference voltage that has a value smaller than the 1st reference voltage, 
it is preferred to start operation of an auxiliary device. If it is considered as such a mode, also 
when changing a size of load, electric power can be supplied efficiently. A value of the 2nd 
reference voltage can also be made equal to a value of the 1st reference voltage. 
[0008] 

As for the 1st and 2nd reference voltage, it is preferred that it is the predetermined voltage 
near the open circuit voltage of a fuel cell. If it is considered as such a mode, when an electric 
charge is fully accumulated in a capacitor, power generation by a fuel cell can be suspended 
and electric power can be supplied from a capacitor. 
[0009] 

In the state where a fuel cell is connected to wiring, when voltage of a capacitor becomes the 
3rd reference voltage that has a value below the 1st reference voltage, it is preferred to open 
connection to wiring of a fuel cell. And in the state where connection to wiring of a fuel cell is 
opened wide, when voltage of a capacitor descends to the 4th reference voltage that has a 
value below the 2nd reference voltage, it is preferred to carry out re connection of the fuel cell 
to wiring. If it is considered as such a mode, in a field where efficiency of power generation by 
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a fuel cell is bad, a fuel cell can be separated from a circuit and electric power can be supplied 
from a capacitor. A value of the 3rd reference voltage can also be made equal to a value of the 
1st reference voltage. And a value of the 4th reference voltage can also be made equal to a 
value of the 2nd reference voltage. 
[0010] 

The 3rd reference voltage can be made into a value more than the 4th reference voltage lower 
than the 1st reference voltage, and the following processings can also be performed. That is, 
operational status of an auxiliary device is made into operational status in which power 
consumption is lower than operational status of an auxiliary device when voltage of a capacitor 
is lower than the 3rd reference voltage until it exceeds the 1st reference voltage or is less than 
the 4th reference voltage, after voltage of a capacitor exceeds the 3rd reference voltage. Also 
when considering it as such a mode, and it changes to descending and a fuel cell is again 
connected to wiring after capacitor voltage exceeded the 3rd reference voltage, only required 
electric power can be promptly supplied from a fuel cell. A value of the 3rd reference voltage 
can also be made equal to a value of the 4th reference voltage. 
[0011] 

The 4th reference voltage can be made into a value below the 3rd reference voltage lower 
than the 2nd reference voltage, and the following processings can also be performed. That is, 
operational status of an auxiliary device is made into operational status in which power 
consumption is lower than operational status of an auxiliary device after being less than the 4th 
reference voltage until it is less than the 4th reference voltage or exceeds the 1st reference 
voltage, after voltage of a capacitor is less than the 2nd reference voltage. Also when 
considering it as such a mode and a fuel cell is again connected to wiring, only required 
electric power can be promptly supplied from a fuel cell. A value of the 4th reference voltage 
can also be made equal to a value of the 3rd reference voltage. 
[0012] 

An auxiliary device can be used as a device for supplying fuel gas to a fuel cell, for example. 
An auxiliary device may be a device for supplying oxygen containing gas to a fuel cell. 
[0013] 

This invention can be realized with a gestalt of an electromobile etc. which can be realized with 
various gestalten other than the above, for example, are provided with an operating method of 
an electric power unit, and an electric power unit. 
[0014] 

[Embodiment of the Invention] 

Next, an embodiment of the invention is described in order of the following based on an 
example. 

A. Entire configuration of a device : 



http://www4Jpdl.inpit.go j^^ 3/26/2008 



JP,2004-014159,A [DETAILED DESCRIPTION] 



Page 4 of 25 



B. Operation of a fuel cell, a rechargeable battery, and a capacitor : 
Operation of a B1 . fuel cell : 

Charge and discharge of B-2. rechargeable battery : 
Charge and discharge of a B3. capacitor : 

C. Steady operation mode and intermittent operation mode : 

Change in C1. steady operation mode and intermittent operation mode : 
Stop of C2. auxiliary machinery : 

D. Modification : 
D1. modification 1 : 
D2. modification 2 : 
D3. modification 3 : 
D4. modification 4 : 
D5. modification 5 : 
D6. modification 6 : 
[0015] 

A. Entire configuration of a device : 

Drawing 1 is a block diagram showing the outline of the composition of the electromobile 10 

which is the 1st example of this invention. The electromobile 10 is provided with the following. 

It is the high voltage auxiliary machinery 40 as load which is equipped with the electric power 

unit 15 and to which electric power is supplied from the electric power unit 15. 

The drive motor 32 connected to the electric power unit 15 via the drive inverter 30. 

The wiring 50 is formed between these electric power units 15 and load, and electric power is 

exchanged between the electric power unit 15 and load via this wiring 50. 

[0016] 

The electric power unit 15 is provided with the following. 
Fuel cell system 22. 
Capacitor 24. 
Rechargeable battery 26. 

The fuel cell system 22 is provided with the fuel cell which is a main part of power generation 
as mentioned later. The fuel cell and the capacitor 24 with which this fuel cell system 22 is 
provided are connected in parallel to the above-mentioned wiring 50. The diode 42 for 
preventing current from flowing backwards to a fuel cell is further formed in this wiring 50. The 
switch 20 the wiring 50 has been turned on in the connected state of the fuel cell to this wiring 
50 is formed. It has connected with DC to DC converter 28, and the rechargeable battery 26 
has connected the wiring 50 to the wiring 50 via this DC to DC converter 28. In order to 
measure the voltage in such an electric power unit 15, the voltmeter 52 is further formed in the 
wiring 50. 
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[0017] 

Drawing 2 is an explanatory view showing the outline of the composition of the fuel cell system 
22. The fuel cell system 22 is provided with the fuel cell 60, the fuel gas feed zone 61, the 
blower 64, and the hydrogen circulating pump 67. In this example, the polymer electrolyte fuel 
cell was used as the fuel cell 60. The fuel gas feed zone 61 is a device which stores hydrogen 
in an inside and is supplied to the fuel cell 60 by making hydrogen gas into fuel gas. The fuel 
gas feed zone 61 can be used as a hydrogen cylinder provided with the valve 61b, for 
example. Or it is good also as storing hydrogen by supposing that it has a hydrogen tank which 
has a hydrogen storing metal alloy inside, and carrying out occlusion of the hydrogen to the 
above-mentioned hydrogen storing metal alloy. The hydrogen gas which such a fuel gas feed 
zone 61 stores is supplied to the anode of the fuel cell 60 via the hydrogen gas supply route 
62, and electrochemical reaction is presented with it. The remaining hydrogen gas that was not 
used by electrochemical reaction is discharged by the hydrogen gas exhaust passage 63. The 
hydrogen gas exhaust passage 63 is connected to the hydrogen gas supply route 62. The 
hydrogen circulating pump 67 is formed in the hydrogen gas exhaust passage 63. By the 
hydrogen circulating pump 67, residual hydrogen gas is sent to the hydrogen gas supply route 
62, and electrochemical reaction is again presented with it. The compressed air which the 
blower 64 incorporated is supplied to the cathode of the fuel cell 60 by the oxidizing gas supply 
route 65 as oxidizing gas. The cathode exhaust discharged from the fuel cell 60 is led to the 
cathode exhaust gas path 66, and is discharged outside. In the fuel cell system 22, it is good 
also as forming further the humidifier which humidifies hydrogen gas or air in the hydrogen gas 
supply route 62 or the oxidizing gas supply route 65. 
[0018] 

As the rechargeable battery 26 of drawing 1 , various rechargeable batteries, such as a lead 
storage battery, a Ni Cd battery, a nickel hydrogen storage battery, a lithium secondary 
battery, can be used. This rechargeable battery 26 supplies electric power to each load until it 
supplies the electric power for driving each part of the fuel cell system 22 at the time of start up 
of the fuel cell system 22 or a warm-up of the fuel cell system 22 is completed. When the fuel 
cell 60 generates electricity by a stationary state and load becomes larger than a 
predetermined value, it compensates with electric power with the rechargeable battery 26. 
[0019] 

The remaining capacity monitor 27 for detecting the remaining capacity (SOC) of the 
rechargeable battery 26 is put side by side to the rechargeable battery 26. The remaining 
capacity monitor 27 comprises this example as SOC meter which integrates the current value 
and time of charge and discharge in the rechargeable battery 26. Or the remaining capacity 
monitor 27 is good also as constituting by a voltage sensor instead of SOC meter. Since it has 
the character in which a pressure value falls as the remaining capacity of the rechargeable 



http://ww4.ipdl.inpit.go.jp/cgi-bin/txan_web_cgi_ejje?atw_u=http%3A%2F%2Fww4.ip... 3/26/2008 



JP,2004-014159,A [DETAILED DESCRIPTION] 



Page 6 of 25 



battery 26 decreases, it can detect the remaining capacity of the rechargeable battery 26 by 

measuring voltage. 

[0020] 

By setting up a target voltage value, DC to DC converter 28 adjusts the output voltage from the 
fuel cell 60, and controls the production of electricity of the fuel cell 60. DC to DC converter 28 
has also played a role of a switch which controls the connected state of the rechargeable 
battery 26 and the wiring 50, and when it is not necessary to perform charge and discharge in 
the rechargeable battery 26, it opens connection between the rechargeable battery 26 and the 
wiring 50. 
[0021] 

The drive motor 32 which is one of the loads which receives supply of electric power from the 
electric power unit 15 is a synchronous motor, and is provided with the three phase coil for 
forming a revolving magnetic field. It connects with the wiring 50 via the drive inverter 30, and 
this drive motor 32 receives supply of electric power from the electric power unit 15. The drive 
inverter 30 is a transistor inverter provided with the transistor as a switching element 
corresponding to each phase of the above-mentioned motor. The output shaft 36 of the drive 
motor 32 is connected to the vehicle driving shaft 38 via the reduction gear 34. The reduction 
gear 34 tells the power which the drive motor 32 outputs to the vehicle driving shaft 38, after 
adjusting the number of rotations. 
[0022] 

The high voltage auxiliary machinery 40 which is other loads is an auxiliary machine class 
used in order to perform power generation by the fuel cell 60. Such high voltage auxiliary 
machinery 40 is devices which use the electric power supplied from the electric power unit 15 
with the voltage beyond 300V. As the high voltage auxiliary machinery 40, the blower 64 for 
supplying air and the hydrogen circulating pump 67 for circulating hydrogen gas between the 
hydrogen gas exhaust passage 63 and the hydrogen gas supply route 62 are mentioned to the 
fuel cell 60, for example (refer to drawing 2 ). In order to cool the fuel cell 60, the cooling pump 
(not shown) for making fuel cell 60 inside circulate through cooling water is also contained in 
the high voltage auxiliary machinery 40. Although these devices were devices contained in the 
fuel cell system 22, in drawing 1 , they were shown in the outside of the electric power unit 15 
as the high voltage auxiliary machinery 40. 
[0023] 

The electromobile 10 is further provided with the control section 48. The control section 48 is 
constituted as a logic circuit centering on a microcomputer, and in detail, CPU which performs 
a predetermined operation etc. according to the control program set up beforehand, It has 
ROM in which a control program, control data, etc. required at CPU to perform various data 
processing were stored beforehand, RAM by which various data required to carry out various 
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data processing by CPU similarly is written temporarily, input/output port which outputs and 
inputs various kinds of signals. This control section 48 acquires the detecting signal by the 
voltmeter 52 mentioned already, the signal which the remaining capacity monitor 27 outputs, or 
the indication signal inputted about operation of vehicles. A driving signal is outputted to DC to 
DC converter 28, the switch 20, the fuel cell system 22, the drive inverter 30, the high voltage 
auxiliary machinery 40, etc. 
[0024] 

B. Operation of a fuel cell, a rechargeable battery, and a capacitor : 
Operation of a B1 . fuel cell : 

At the time of operation of the electromobile 10, electric power required in order that the control 
section 48 may realize a desired run state based on the vehicle speed and the accelerator 
opening in vehicles is computed, the time of the electromobile 10 being in the "steady 
operation mode" in which required energy is acquired with a fuel cell - the control section 48 - 
the above - required electric power - in addition, the electric power which the high voltage 
auxiliary machinery 40 requires, and the electric power which the fuel cell 60 should output 
further based on the remaining capacity of the rechargeable battery 26 are computed. Below, 
operation of a fuel cell, a rechargeable battery, and a capacitor is explained. 
[0025] 

Drawing 3 is a graph which shows the relation between the output current in the fuel cell 60, 
and output voltage or output power. If electric power P pc which should be outputted from the 

fuel cell 60 becomes settled as shown in drawing 3 , size l pc of the output current of the fuel 

cell 60 at that time will become settled from the curve showing the characteristic of the output 
power of the fuel cell 60. If output current l pc becomes settled, output voltage V pc of the fuel 

cell 60 at that time will become settled from the curve (this curve may be hereafter called the 
"characteristic curve" of a fuel cell.) showing the characteristic of the current-voltage of the fuel 
cell 60. Thus, when the control section 48 orders it calculated output voltage V pc to DC to DC 

converter 28 as target voltage, it is controlled so that the production of electricity of the fuel cell 

60 turns into desired quantity. 

[0026] 

Dra wing 4 is a flow chart which defines the operational status of the blower of a fuel cell. As 
shown in d rawi ng 2, the high voltage auxiliary machinery 40, such as the blower 64 and the 
hydrogen circulating pump 67, is contained in the fuel cell system 22. The control section 48 
defines the output current of the fuel cell 60, and output voltage as mentioned above, and 
defines the operational status of the high voltage auxiliary machinery 40 operated for power 
generation by fuel cells, such as the blower 64 and the hydrogen circulating pump 67, based 
on those values. For example, the directions to the blower 64 are performed as follows. First, 
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the control section 48 calculates the air content which the fuel cell 60 needs for passing output 
current l pc at Step S10 of drawing 4 . And the number of rotations of the blower 64 required at 

Step S20 to supply the air content which the fuel cell 60 needs is calculated. And the number- 
of-rotations command value of the blower 64 is outputted to the blower 64 at Step S30. The 
command value over other auxiliary machine classes, such as the hydrogen circulating pump 
67, is similarly calculated and outputted based on output current l pc of the fuel cell 60, and 

output voltage V pc . 

[0027] 

The value of the output voltage to the output current of the fuel cell 60 as shown in drawing 3 , 
or the value of output power changes with the internal temperature of the fuel cell 60. 
Therefore, when defining output voltage (target voltage) V pc of the fuel cell 60 as mentioned 

above, it is desirable to take into consideration the internal temperature of the fuel cell 60 

further. 

[0028] 

Charge and discharge of B-2. rechargeable battery : 

In the electromobile 10 of this example, the size of load is more than a predetermined value, 
and when the remaining capacity of the rechargeable battery 26 is large enough, electric 
power is supplied also from the rechargeable battery 26 to load. In such a case, the control 
section 48 determines the electric power which the fuel cell 60 should output in consideration 
of electric power being supplied also from the rechargeable battery 26, and sets up the target 
voltage in DC to DC converter 28. As shown in drawing 3 , the output voltage of the fuel cell 60 
becomes so low that load is large and output current is large. The rechargeable battery 26 has 
the character in which the output voltage becomes high, so that remaining capacity is large. 
Therefore, the size of load is more than a predetermined value, and when the remaining 
capacity of the rechargeable battery 26 is large enough, the target voltage in DC to DC 
converter 28, i.e., the output voltage of the fuel cell 60, serves as a value lower than the output 
voltage of the rechargeable battery 26. Electric power comes to be supplied also from the fuel 
cell 60 to the rechargeable battery 26 to the high voltage auxiliary machinery 40 or the drive 
motor 32 by this. 
[0029] 

On the other hand, if the remaining capacity of the rechargeable battery 26 becomes below a 
predetermined value, it will be necessary to charge the rechargeable battery 26. At this time, 
the size of load is small to some extent, and when the output of the fuel cell 60 has a margin, 
charge of the rechargeable battery 26 is performed by the fuel cell 60. When charging the 
rechargeable battery 26, the operational status of the electric power 60 which the fuel cell 60 
should output, i.e., a fuel cell, is determined so that the electric power for charging this 
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rechargeable battery 26 may be obtained in addition to the electric power which should be 
supplied to load (refer to drawing 3). It has the character in which the output voltage becomes 
low, so that the rechargeable battery 26 has little remaining capacity. Therefore, when the 
remaining capacity of the rechargeable battery 26 is below a predetermined value, the target 
voltage set up in DC to DC converter 28, i.e., the output voltage of the fuel cell 60, serves as a 
value higher than the output voltage of the rechargeable battery 26. Electric power not only 
supplies, but by this, the fuel cell 60 comes to perform charge of the rechargeable battery 26 to 
the high voltage auxiliary machinery 40 or the drive motor 32. 
[0030] 

Charge and discharge of a B3. capacitor : 

In the electromobile 10 of this example, the capacitor 24 also repeats charge and discharge. 
As for the capacitor 24, the charge quantity and output voltage which remain in this support 1 
to 1 , the time with more charge quantity which remains has higher output voltage, and, in few 
times, output voltage becomes low. The capacitor 24 is connected in parallel with the fuel cell 
60 to the wiring 50, as shown in dra wing 1 . Therefore, if the size of load is changed at the time 
of power generation of the fuel cell 60 and the voltage (it is measurable by the voltmeter 52) in 
the wiring 50 is changed, the charge quantity of the capacitor 24 will change according to the 
voltage of the wiring 50. When the voltage of the wiring 50 rises, the capacitor 24 receives 
supply of electric power from the fuel cell 60, and it increases the amount of remaining charge 
until capacitor voltage becomes equal to the voltage of the wiring 50. When the voltage of the 
wiring 50 falls, the capacitor 24 supplies electric power to load with the fuel cell 60, and it 
reduces the amount of remaining charge until capacitor voltage becomes equal to the voltage 
of the wiring 50. That is, the capacitor 24 performs charge and discharge according to the 
voltage of the wiring 50. 
[0031] 

At the time of braking, by using the drive motor 32 as a dynamo, the kinetic energy which an 
axle has is changed into electrical energy, and these is collected in the electromobile 10 (when 
a driver performs operation which breaks in a brake at the time of a run of vehicles). In this 
example, the energy collected as electric power in such regeneration is absorbed by the 
capacitor 24. The capacitor 24 is a power storage means with high power density compared 
with the above-mentioned rechargeable battery 26, and is a power storage means also with 
high charge and discharge efficiency. That is, the inside of a short time has much chargeable 
and dischargeable electric energy. Therefore, by using the capacitor 24, when performing 
regenerative operation mode to the short braking time that the driver of vehicles breaks in a 
brake, the electric power produced by regeneration can be collected efficiently. 
[0032] 

In the electromobile 10, if the drive motor 32 generates electricity and regeneration is 
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performed, electric power will be supplied from the drive-motor 32 side to the wiring 50 via the 
drive inverter 30. Although voltage (henceforth [ in order to simplify explanation ] "output 
voltage V from the drive motor 32") in case electric power is supplied from the drive motor 32 

9 

to the wiring 50 at the time of such regeneration is changed with the number of rotations of a 
drive motor, or the size of acceleration in this example, It is set up so that it can become higher 
than the maximum of the voltage of the wiring 50 at the time of electric power being supplied 
from the fuel cell 60 at the time of steady operation mode. 
[0033] 

As shown in drawing 3 , the output voltage of the fuel cell 60 becomes so low that load is large 
and output current is large. Therefore, the maximum of the voltage of the wiring 50 at the time 
of electric power being supplied from the fuel cell 60 is the open circuit voltage OCV of the fuel 
cell 60. "Open circuit voltage" of the fuel cell 60 is the voltage between terminals of the fuel cell 
60 in the state where the fuel cell 60 was separated from the circuit. The switch 20 is ON, and 
when the capacitor 24 is connected with the fuel cell 60 in parallel, the voltage between 
terminals of the capacitor 24 is equal to the output voltage of the fuel cell 60. Therefore, when 
electric power is supplied from the fuel cell 60, the voltage between terminals of the capacitor 
24 is the open circuit voltage OCV at the maximum. 
[0034] 

On the other hand, output voltage V from the drive motor 32 can take a value higher than the 

open circuit voltage OCV of the fuel cell 60 as mentioned above. Therefore, the regeneration 
energy which the drive motor 32 generated because the control section 48 sets up more highly 
than the voltage between terminals of the capacitor 24 output voltage V g from the drive motor 

32 is stored in the capacitor 24. As a result, the voltage between terminals of the capacitor 24 
may exceed the open circuit voltage OCV of a fuel cell. Since the diode 42 is formed in the 
circuit 50, even if the voltage between terminals of the capacitor 24 exceeds the open circuit 
voltage OCV of a fuel cell, current does not flow towards the fuel cell system 22 from the 
capacitor 24. 
[0035] 

C. Steady operation mode and intermittent operation mode : 

Change in C1 . steady operation mode and intermittent operation mode : 

Drawing 5 is an explanatory view showing the size of the output of the fuel cell 60, and a 

relation with energy efficiency. Drawing 5 (A) shows the relation between the power which the 

efficiency of the fuel cell 60 and the auxiliary machine class of a fuel cell require, and the 

output of the fuel cell 60. The generation efficiency in fuel cell 60 simple substance falls 

gradually, so that the output of the fuel cell 60 becomes large, as shown in drawing 5 (A). On 

the other hand, even if the output of the fuel cell 60 becomes small, the power consumed since 
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the auxiliary machine class of a fuel cell is driven does not necessarily become small in 
proportion to it. Therefore, if the output of the fuel cell 60 becomes small, the power which the 
auxiliary machine class of the fuel cell to the output of the fuel cell 60 consumes will become 
large relatively. 
[0036] 

Drawing 5 (B) shows the relation between the output of the fuel cell 60, and the efficiency of 
the fuel cell system 22 whole. When it asks for the efficiency of the fuel cell system 22 whole 
based on the power which the efficiency of fuel cell 60 simple substance shown in dr aw ing 5 

(A) and the auxiliary machine class of a fuel cell consume, it comes to be shown in drawing 5 

(B) . That is, system efficiency becomes the highest when the output of the fuel cell 60 is a 
predetermined value, and when the output of the fuel cell 60 is small, the energy efficiency of 
the fuel cell system 22 whole becomes low. For example, as an output shows drawing 5 in the 
field below P Q , system-efficiency E Q becomes extremely low with about 60 percent of 

maximum efficiency. 
[0037] 

In the electromobile 10 of this example, at the time of the low loading in which the efficiency of 
the fuel cell system 22 whole worsens, the fuel cell system 22 is separated from the circuit 50, 
and supply of the electric power to the motor 32 by the fuel cell 60 is suspended. This prevents 
the energy efficiency of the whole system from falling. The fuel cell system 22 is connected to 
a circuit, and the fuel cell 60 calls operational status which supplies the electric power 
according to the size of load to the motor 32 "steady operation mode." On the other hand, 
electric power is supplied to the motor 32 by the capacitor 24, and the fuel cell 60 calls the 
operational status which does not supply the electric power according to the size of load to the 
motor 32 "intermittent operation mode." 
[0038] 

Drawing 6 is a flow chart showing the change procedure of the mode of operation of the 
electromobile 10. This routine is started in steady operation mode. In steady operation mode, 
the high voltage auxiliary machinery 40 of the fuel cell 60 is operated so that the fuel cell 60 
can supply electric power to the motor 32 according to load. Such operation is called "steady 
operation" of the high voltage auxiliary machinery 40. If this routine is performed, the control 
section 48 will read first pressure value V_ of the wiring 50 which the voltmeter 52 detects 

(Step S1 10). And predetermined reference voltage level V 2 beforehand determined as this 

pressure value V c is compared (Step S120). 

[0039] 

Reference voltage level V 2 is beforehand memorized in the control section 48 as a standard 
for judging whether it changes from steady operation mode to intermittent operation mode. 
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When pressure value V c of the wiring 50 is smaller than reference voltage level V 2 , reference 

voltage level V 2 is defined so that it may become a grade which can permit the energy 

efficiency of the fuel cell system 22 whole. Reference voltage level V 2 is set as a value to 

some extent lower than the open circuit voltage OCV of the fuel cell 60. As shown in drawing 
3, the voltage of the fuel cell 60 is because the energy efficiency of the fuel cell system 22 
whole becomes low in the state where the voltage of the fuel cell 60 is high and where output 
power is low as only a value lower than the open circuit voltage OCV cannot be taken and it is 
shown in drawing 3 and drawing 5 (A), and drawing 5 (B). Reference voltage level V 2 is the 

"3rd reference voltage" said to a claim. Reference voltage level V 2 can be made into 80 to 90% 

of value of the open circuit voltage of a fuel cell, for example. 
[0040] 

In Step S120, when it is judged that pressure value V c of the wiring 50 is smaller than 

reference voltage level V 2 and the decision result of Step S120 serves as No, it returns to Step 

S110. That is, steady operation mode is maintained. Then, operation of Step S110 and Step 
S120 is repeated until pressure value V c of the wiring 50 becomes more than reference 

voltage level V 2 . In the meantime, the electromobile 10 maintains steady operation mode. 
[0041] 

In Step S120, if it is judged that pressure value V c of the wiring 50 is more than reference 

voltage level V 2 and the decision result of Step S120 is set to Yes, the control section 48 will 

output a driving signal to the switch 20, and will make this an opened state (Step S130). Thus, 
since the connection to the circuit 50 of the fuel cell 60 will be wide opened if the switch 20 is 
made into an opened state (refer to drawing 1 ), supply of the electric power from the fuel cell 
60 to the motor 32 stops. Electric power comes to be supplied to the motor 32 from the 
capacitor 24, and the electromobile 10 shifts to it at intermittent operation mode. Henceforth 
[ Step S130 ], the high voltage auxiliary machinery 40 of the fuel cell 60 is operated by fixed 
low-power output. Operation of the high voltage auxiliary machinery 40 in the fixed low-power 
output in this intermittent operation mode is called "spinning reserve operation." "Spinning 
reserve operation" is the operational status of auxiliary machinery with which the power 
consumption per unit time of each auxiliary machinery becomes smaller than the power 
consumption per [ in "steady operation" ] minimum unit time. On the other hand, the capacitor 
24 has high power density, as mentioned already, and its charge and discharge efficiency is 
also high. For this reason, the capacitor 24 can output the electric power which load requires 
promptly, when the switch 20 is made into an opened state. 
[0042] 
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If it shifts to intermittent operation mode, the control section 48 will read pressure value of 

the wiring 50 which the voltmeter 52 detects again (Step S140). Next, read pressure value V Q 

is compared with reference voltage level V 1 (Step S150). Here, reference voltage level V 1 is 

beforehand memorized in the control section 48 as a standard forjudging whether it usually 
changes from intermittent operation mode to the mode of operation. Reference voltage level 
V is set up as a value lower than reference voltage level V 2 , although it is a value near the 

reference voltage level V 2 mentioned already. Since reference voltage level V 1 is a value near 

the reference voltage level V 2 , when pressure value V c of the wiring 50 is below reference 

voltage level the energy efficiency of the fuel cell system 22 whole serves as a permissible 

grade. Reference voltage level V 2 can be made into not less than 80% less than 100% of 

value of reference voltage level V 2 . As for this reference voltage level it is preferred that it 

is not less than 90% of reference voltage level V 2 , and it is still more preferred that it is not less 

than 95% of reference voltage level V 2 . Reference voltage level V 1 is the "4th reference 

voltage" said to a claim. 
[0043] 

In Step S150, when it is judged that pressure value V c of the wiring 50 is larger than reference 

voltage level V 1 and the decision result of Step S150 serves as No, processing returns to Step 

S140 through Step S160 which is an auxiliary machinery stop routine of a fuel cell. And 
operation of Steps S140-S160 is repeated until pressure value V c of the wiring 50 becomes 

below reference voltage level V.. That is, when pressure value V- of the wiring 50 is larger 

than reference voltage level V r "intermittent operation mode" is maintained. In the meantime, 

the control section 48 suspends operation of the high voltage auxiliary machinery 40 so that 
spinning reserve operation may be performed about the high voltage auxiliary machinery 40 of 
the fuel cell 60 or it may mention later. 
[0044] 

since the rate of the power consumption of the high voltage auxiliary machinery 40 over output 
power will become large as mentioned above if it is supplying electric power by the fuel cell 
system 22 when pressure value V c of the wiring 50 is larger than reference voltage level V 1 - 

the electromobile 10 — efficiency becomes low as a whole. For this reason, in this example, 
when V c is larger than reference voltage level V r the fuel cell 60 is separated from the circuit 

50, and electric power is supplied to the motor 32 from the capacitor 24. And about the high 
voltage auxiliary machinery 40 of the fuel cell 60, the efficiency of the electromobile 10 whole is 
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highly maintained as carrying out spinning reserve operation or suspending operation. 
[0045] 

When it is judged in Step S150 that pressure value V c of the wiring 50 is below reference 

voltage level V 1 and the decision result of Step S150 serves as Yes, the control section 48, A 

driving signal is outputted to the switch 20, this is made into a closed state (Step S170), and 
the fuel cell system 22 is operated so that electric power may be supplied to the motor 32 
according to load. That is, operation of the high voltage auxiliary machinery 40 of the fuel cell 
60 is switched to steady operation. Supply of the electric power to the motor 32 by the fuel cell 
60 is resumed by processing of Step S170. And the electromobile 10 shifts to steady operation 
mode. Then, the control section 48 ends processing. 
[0046] 

Drawing7Js an explanatory view showing the output voltage of the fuel cell 60 in case steady 
operation mode and intermittent operation mode change by turns, and the voltage of the 
capacitor 24. The switch 20 is made into an opened state in Step S130, and the time of 
changing from steady operation mode to intermittent operation mode is indicated to be "OFF" 
to drawing 7 , and is shown in it. And the switch 20 is made into a closed state in Step S170, 
and the time of changing from intermittent operation mode to steady operation mode is 
indicated to be "ON" to drawing 7 , and is shown in it. 
[0047] 

For example, in the state p1 in a graph, the electromobile 10 has shifted to steady operation 
mode from intermittent operation mode. In steady operation mode, since the fuel cell system 
22 and the capacitor 24 are connected in parallel, also in drawing 7, capacitor voltage and the 
voltage of a fuel cell are in agreement. Then, in the state p3, the electromobile 10 has shifted 
to intermittent operation mode from steady operation mode through the state p2. 
[0048] 

In intermittent operation mode, the fuel cell system 22 is separated from the circuit 50. And the 
control section 48 carries out spinning reserve operation of the fuel cell system 22. For this 
reason, in intermittent operation mode, the voltage of the fuel cell 60 turns into fixed voltage by 
spinning reserve operation to capacitor voltage changing according to the operational status of 
an electromobile. Since spinning reserve operation is operation of low-power output, in 
intermittent operation mode, the voltage between terminals of the fuel cell 60 serves as a value 
of the OCV neighborhood. In drawing 7 , a dashed dotted line shows the voltage between 
terminals of the fuel cell 60. The electromobile 10 driven in intermittent operation mode has 
shifted to steady operation mode again in the state p5 through the state p4 after that after the 
state p3. 
[0049] 

In intermittent operation mode, since the capacitor 24 supplies electric power to the motor 32, 
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capacitor voltage should fall with the passage of time. However, also in intermittent operation 
mode, capacitor voltage may be rising among drawing 7 . This is because regeneration is then 
performed. As a result of performing regeneration, in about state p4, capacitor voltage serves 
as a value exceeding the open circuit voltage OCV of a fuel cell. 
[0050] 

On the other hand, in steady operation mode, since the fuel cell 60 supplies electric power, the 
command value of the output voltage of the fuel cell 60 serves as voltage of the fuel cell 60 
and the capacitor 24. Therefore, when the fuel cell 60 supplies comparatively much electric 
power from the characteristic of the fuel cell shown in drawing 3 , the voltage of the fuel cell 60 
and the capacitor 24 becomes low, and when the fuel cell 60 supplies comparatively little 
electric power, the voltage of the fuel cell 60 and the capacitor 24 becomes high. However, 
since regeneration is performed also in steady operation mode, the voltage of the capacitor 24 
measured by the voltmeter 52 may rise by regeneration. 
[0051] 

At the time of intermittent operation mode, it is good also as it not only supplying electric 
power, but supplying electric power from a rechargeable battery to load to the capacitor 24 to 
load further as mentioned above. When the low loading state which should be made 
intermittent operation mode continues for a long time, or when there is enough much 
remaining capacity of the rechargeable battery 26, it is good also as using the rechargeable 
battery 26 further in addition to the capacitor 24. 
[0052] 

Stop of C2. auxiliary machinery : 

Drawing 8 is a flow chart which shows the contents of the auxiliary machinery stop routine 
S160. In the auxiliary machinery stop routine S160, processing which suspends operation of 
the high voltage auxiliary machinery 40 used in order to perform power generation by the fuel 
cell 60 is performed according to a situation. In an auxiliary machinery stop routine, first, the 
control section 48 is Step S210, and judges whether spinning reserve operation of the high 
voltage auxiliary machinery 40 is carried out. The high voltage auxiliary machinery 40 is during 
spinning reserve operation, when the decision result of Step S210 is set to Yes next, it is Step 
S220 and it is judged whether pressure value V c of the wiring 50 is larger than reference 

voltage level V Q1 . 

[0053] 

Reference voltage level V Q1 is a value near the open circuit voltage OCV of the fuel cell 60. 

Reference voltage level V Q1 is beforehand memorized in the control section 48 as a standard 

for judging whether the high voltage auxiliary machinery 40 of the fuel cell 60 is suspended. 
Reference voltage level V Q1 is set up fulfill the following conditions. Namely, from the state 

http://ww4.ipdl.inpit.go.jp/cgi-b 3/26/2008 



JP,2004-014159,A [DETAILED DESCRIPTION] 



Page 16 of 25 



where pressure value V c of the wiring 50 is larger than reference voltage level V Q1 , and the 

high voltage auxiliary machinery 40 of the fuel cell 60 is suspended. Even if pressure value V c 

is less than reference voltage level V Q1 and the electromobile 10 shifts to steady operation 

mode, Reference voltage level V Q1 is set only to the value to which the capacitor 24 can supply 

electric power so that trouble may not occur in operation of the electromobile 10 until the high 
voltage auxiliary machinery 40 of the fuel cell 60 will be in the state where the electric power 
which shifted to the stationary state and was specified as it can be supplied. Reference voltage 
level V Q1 is the "1st reference voltage" said to a claim. 

[0054] 

Reference voltage level V Q1 can be made into the value near the open-circuit-voltage OCV of 

the fuel cell 60, for example. "The value near the open-circuit-voltage OCV of the fuel cell 60" 
means not less than 80% less than 120% of value of the value near the open-circuit-voltage 
OCV of the fuel cell 60. As for this reference voltage level V Q1 , it is preferred that it is not less 

than 90% of less than 110% of reference voltage level V 2 , and it is still more preferred that it is 

not less than 95% of less than 1 05% of reference voltage level V 2 . 

[0055] 

In Step S220, pressure value V Q is larger than reference voltage level V Q1 , and when the 

decision result of Step S220 is Yes, operation of the high voltage auxiliary machinery 40 is 
suspended at Step S230. Pressure value V Q is below reference voltage level V Q1 , and when 

the decision result of Step S220 is No, the spinning reserve operation of the high voltage 

auxiliary machinery 40 is continued at Step S240. 

[0056] 

On the other hand, when spinning reserve operation of the high voltage auxiliary machinery 40 
is not carried out in Step S210 but the decision result of Step S210 is set to No next, it is Step 
S250 and it is judged whether pressure value V Q of the wiring 50 is less than reference voltage 

level V Q2 . 

[0057] 

Reference voltage level V Q2 is a value near the open circuit voltage OCV of the fuel cell 60. 

Reference voltage level V Q2 is beforehand memorized in the control section 48 as a standard 

for judging whether operation of the high voltage auxiliary machinery 40 of the fuel cell 60 is 
resumed. Reference voltage level V Q2 is set up fulfill the following conditions. Namely, from the 

state where pressure value V Q of the wiring 50 is larger than reference voltage level V Q2 , and 
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the high voltage auxiliary machinery 40 of the fuel cell 60 is suspended. Even if pressure value 
V c is less than reference voltage level V Q2 and the electromobile 10 shifts to steady operation 

mode, Reference voltage level V Q2 is set only to the value to which the capacitor 24 can supply 

electric power so that trouble may not occur in operation of the electromobile 10 until the high 
voltage auxiliary machinery 40 of the fuel cell 60 will be in the state where the electric power 
which shifted to the stationary state and was specified as it can be supplied. Reference voltage 
level V Q2 is a value near the open-circuit-voltage OCV of the fuel cell 60, and it is preferred to 

consider it as the value below reference voltage level V Q1 . Reference voltage level V Q2 is the 

"2nd reference voltage" said to a claim. 
[0058] 

Pressure value V c is more than reference voltage level V Q2> and when the decision result of 

Step S250 is No, a stop of the high voltage auxiliary machinery 40 is maintained at Step S260. 
Pressure value V c is lower than reference voltage level V Q2 , and when the decision result of 

Step S250 is Yes, the spinning reserve operation of the high voltage auxiliary machinery 40 is 

resumed at Step S270. 

[0059] 

When the voltage between terminals of the capacitor 24 is higher than OCV, the voltage 
between terminals of the capacitor 24 becomes higher than the voltage of the fuel cell 60 (refer 
to drawing 3 ). Therefore, when the voltage between terminals of the capacitor 24 is higher than 
OCV, it is not based on the state of the switch 20 and electric power is not supplied to the 
motor 32 from the fuel cell 60. Therefore, reference voltage level V Q1 which is a standard for 

judging whether the high voltage auxiliary machinery 40 of the fuel cell 60 is suspended, and 
whether the spinning reserve operation of the high voltage auxiliary machinery 40 is resumed, 
If V Q2 is made into the value near the open-circuit-voltage OCV of the fuel cell 60, control of 

suspending the high voltage auxiliary machinery 40 can be performed in the state where the 

fuel cell 60 does not supply electric power to the motor 32. 

[0060] 

Drawing 9 is a figure expanding and showing the section in the intermittent operation mode 
from the state p3 in drawin g 7 to the state p5. In the state p3 of drawing 9 , the electromobile 10 
is, immediately after shifting to intermittent operation mode. Since reference voltage level V 2 is 

set as the value lower than OCV, at this time, the high voltage auxiliary machinery 40 of the 
fuel cell 60 shifts to spinning reserve operation from steady operation, and it is performing 
spinning reserve operation (step S130 reference of drawing 6) . Therefore, the decision result 
of Step S210 serves as Yes. In the state p3 of drawing 9, since voltage is lower than V Q1 , the 
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decision result in Step S220 serves as No, and the spinning reserve operation of the high 

voltage auxiliary machinery 40 is continued in Step S240. 

[0061] 

In draw ing 9, although voltage V c is going up with progress of time from the state p3, voltage 

is not over V n until it results in the state p6. Therefore, in section Pr1 [ operational status is 

in the state p6 from the state p3 ] of a between, in the auxiliary machinery stop routine S160, 
processing of Step S210, S220, and S240 is performed, and spinning reserve operation of the 
high voltage auxiliary machinery 40 is carried out. Since voltage V c will exceed V Q1 if the 

operational status of the electromobile 10 exceeds the state p6 of drawing 9 , the decision 
result of Step S220 serves as Yes. As a result, in Step S230, operation of the high voltage 
auxiliary machinery 40 is suspended. 
[0062] 

In drawing 9 , although capacitor voltage V c is going up with progress of time from the state p3, 

When voltage V c decreases, and capacitor voltage V c is less than reference voltage level V 1 , 

the decision result of Step S150 (refer to drawing 6 ) serves as Yes. And the high voltage 
auxiliary machinery 40 has steady operation started at Step S170. Namely, the spinning 
reserve operation of the high voltage auxiliary machinery 40 started at Step S130, (refer to 
drawing 6 ). [ whether it ends by capacitor voltage V Q being less than reference voltage level 

V r and steady operation being started at Step S170, and ] Or capacitor voltage V Q exceeds 

reference voltage level V Q1 , and is completed by operation being suspended at Step S230 

(refer to drawing 8 ). 
[0063] 

If operation of the high voltage auxiliary machinery 40 is suspended at Step S230, after that, 
the decision result of Step S210 will serve as No, it will be Step S250, and it will be judged 
whether pressure value V c of the wiring 50 is less than reference voltage level V Q2 . Although 

the value of voltage V c is rising or descending after the state p6, the value higher than V Q2 is 

maintained until it results in the state p7. Therefore, in section Pr2 [ operational status is in the 
state p7 from the state p6 ] of a between, operation of the high voltage auxiliary machinery 40 
stops. Since voltage V c will be less than V Q2 if the operational status of the electromobile 10 

exceeds the state p7 of drawing 9 , the decision result of Step S250 serves as Yes. As a result, 
in Step S270, the spinning reserve operation of the high voltage auxiliary machinery 40 is 
resumed. Then, if operational status results in the state p5, the electromobile 10 will shift to 
steady operation mode (refer to drawing 7 ). As a result, the high voltage auxiliary machinery 
40 of the fuel cell 60 is also operated steadily. That is, in section Pr3 [ operational status is in 
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the state p5 from the state p7 ] of a between, like section Pr1 , it is in intermittent operation 
mode and spinning reserve operation of the high voltage auxiliary machinery 40 of the fuel cell 
60 is carried out. 
[0064] 

In drawing 9 , although capacitor voltage V c is descending with progress of time from the state 

p7, When voltage V c goes up, and capacitor voltage V c exceeds reference voltage level V 01 , 

the decision result of Step S220 (refer to drawing 8 ) serves as Yes. And operation of the high 
voltage auxiliary machinery 40 is suspended at Step S230. Namely, the spinning reserve 
operation of the high voltage auxiliary machinery 40 started at Step S270, (refer to drawing 6) . 
[ whether it ends by capacitor voltage V c being less than reference voltage level V 1 , and 

steady operation being started at Step S170, and ] Or capacitor voltage V_ exceeds reference 

V-/ 

voltage level V Q1 , and is completed by operation being suspended at Step S230 (refer to 

drawing 8 ). 
[0065] 

In the 1st example, operation by intermittent operation mode is performed and supply of the 
electric power according to the load to the motor 32 by the fuel cell 60 is not performed after 
capacitor voltage V Q exceeds reference voltage level V 2 until it is less than reference voltage 

level V 1 . And in the inside of intermittent operation mode, spinning reserve operation of the 

high voltage auxiliary machinery 40 of the fuel cell 60 is carried out (section Pr1 of drawing 9 , 
Pr3), or operation of the high voltage auxiliary machinery 40 is suspended (section Pr2 of 
drawing 9 ). Therefore, also when the motor 32 is operated by low-power output, compared 
with the case where power generation according to load is performed, efficiency of the 
electromobile 10 whole can be made high with the fuel cell 60. 
[0066] 

Since spinning reserve operation of the high voltage auxiliary machinery 40 will be carried out 
in advance of steady operation mode or subsequent ones if capacitor voltage V_ is less than 

reference voltage level V Q2 (section Pr3 of drawing 9 ), there are few time lags of the 

production of electricity of the fuel cell system 22 also immediately after shifting to steady 
operation mode. Also in intermittent operation mode, spinning reserve operation of the high 
voltage auxiliary machinery 40 is carried out until capacitor voltage V- exceeds reference 

voltage level V Q1 (section Pr1 of drawing 9 ). For this reason, after the electromobile 10 shifts to 

intermittent operation mode, even if capacitor voltage falls immediately and it shifts to steady 
operation mode again, there are few time lags of the production of electricity of the fuel cell 
system 22. 
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[0067] 

In the 1st example, reference voltage level V Q2 used as the judging standard of the operation 

resumption of the high voltage auxiliary machinery 40 is set as the value lower than reference 
voltage level V Q1 used as the judging standard of the shutdown of the high voltage auxiliary 

machinery 40. For this reason, even if capacitor voltage V c repeats minute change, as long as 

that fluctuation range is between V Q1 and V Q2 , the shutdown of the high voltage auxiliary 

machinery 40 and resumption are not repeated frequently. 
[0068] 

In the 1st example, reference voltage level V 1 used as the judging standard of the shift to 

intermittent operation mode is set as the value lower than reference voltage level V 2 used as 

the judging standard of the shift to steady operation mode. For this reason, even if capacitor 
voltage V c repeats minute change, as long as that fluctuation range is between V 1 and V 2 , 

steady operation mode and intermittent operation mode are not repeated frequently. 
[0069] 

The relation of V Q1 >V 2 and V Q2 >V 1 is materialized in the 1st example. For this reason, 

spinning reserve operation can be performed before and after the state where the high voltage 

auxiliary machinery 40 is suspended. 

[0070] 

In the 1st example, reference voltage level V Q1 and V Q2 are set as the value near the open- 
circuit- voltage OCV of a fuel cell. For this reason, the electromobile 10 can be enough driven 
with the energy stored in the capacitor 24 until the electromobile 10 shifts to the steady 
operation mode in which electric power is obtained from the fuel cell 60, after resuming 
operation of the high voltage auxiliary machinery 40. 
[0071] 

D. Modification : 

In the range which is not restricted to an above-mentioned example or embodiment and does 
not deviate from that gist, this invention can be carried out in various modes, for example, the 
following modification is also possible for it. 
[0072] 

D1. modification 1 : 

Drawing 10 is a figure showing change of capacitor voltage in intermittent operation mode. 

In the processing shown in drawing 8 , the mode shown in drawing 10 is a mode at the time of 
both making reference voltage level V Q1 and reference voltage level V Q2 into the same value 

V Q12 . In the mode shown in drawing 10 , when pressure value V Q of the wiring 50 is larger than 
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reference voltage level V Q12> Operation of the high voltage auxiliary machinery 40 of the fuel 

cell 60 is suspended, and when pressure value V Q becomes lower than reference voltage level 

V 012' the s P' nnin 9 reserve operation of the high voltage auxiliary machinery 40 of the fuel cell 

60 is resumed. As a result, in section Pr4 and section Pr6, spinning reserve operation of the 
high voltage auxiliary machinery 40 is carried out, and the high voltage auxiliary machinery 40 
stops [ be / it / under / intermittent operation mode / setting ] in section Pr5. Also as such a 
mode, efficiency of the electromobile 10 whole can be made high. 
[0073] 

In the above-mentioned example, when pressure value V c of the wiring 50 is larger than 
reference voltage level V Q1 , Operation of the high voltage auxiliary machinery 40 of the fuel 
cell 60 was suspended, and when pressure value V c became lower than reference voltage 
level V Q2 , the spinning reserve operation of the high voltage auxiliary machinery 40 of the fuel 
cell 60 was resumed. However, these two reference voltage levels may be the same value 
V 012 like the moc,e shown in drawing 10 . Although each of reference voltage level V Q1 and V Q2 

was values higher than the open circuit voltage OCV of the fuel cell 60, The voltage used as 
the standard of judgment whether spinning reserve operation of the high voltage auxiliary 
machinery 40 is performed or the high voltage auxiliary machinery 40 is suspended may be a 
value lower than the open circuit voltage OCV of the fuel cell 60 like the mode shown in 
drawing 10 . 
[0074] 

D2. modification 2 : 

Drawing 1 1 is a figure showing change of capacitor voltage V Q in intermittent operation mode. 

Pressure value V Q1 (step S220 reference of drawing 8 ) forjudging whether operation of the 

high voltage auxiliary machinery 40 should be suspended in the mode shown in drawing 1 1 , It 
is equal to reference voltage level V 2 (step S120 reference of drawing 6 ) which is a reference 

value of judgment whether it should shift to intermittent operation mode from steady operation 
mode. And pressure value V Q2 (step S250 reference of drawing 8 ) forjudging whether 

operation of the high voltage auxiliary machinery 40 should be resumed is equal to reference 
voltage level V 1 (step S150 reference of drawing 6 ) which is a reference value of judgment 

whether it should shift to steady operation mode from intermittent operation mode. As a result, 
spinning reserve operation before suspending operation of the high voltage auxiliary 
machinery 40, and spinning reserve operation at the time of operation resumption are not 
performed. 
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[0075] 

As a result of considering it as the above modes, the high voltage auxiliary machinery 40 stops 
in the intermittent operation mode shown by section Pr7. Also as such a mode, efficiency of 
the electromobile 10 whole can be made high. Only the quantity which the control section 48 
calculated may be sent for neither hydrogen gas nor compressed air to the fuel cell 60 
immediately after carrying out steady operation mode parallel from intermittent operation mode 
(refer to drawin g 2). However, if the capacity of the capacitor 24 large enough is taken, electric 
power in the meantime will be supplied from the capacitor 24, and it will deal in it. 
[0076] 

D3. modification 3 : 

In the above-mentioned example, suspending or carrying out spinning reserve operation of the 
high voltage auxiliary machinery 40 under predetermined conditions was raising the efficiency 
as the electromobile 10 whole. And the blower 64 (refer to drawing 2 ) which sends the 
compressed air which is oxygen containing gas to the fuel cell 60 as an example of the high 
voltage auxiliary machinery 40, The cooling pump (not shown) for making hydrogen circulating 
pump 67 (refer to drawing 2) and fuel cell 60 inside which sends hydrogen which is fuel gas to 
the fuel cell 60 circulate through cooling water, etc. were shown. However, the auxiliary device 
which suspends operation under predetermined conditions or performs spinning reserve 
operation is not restricted to these. For example, each valve, a sensor, etc. which are used 
when operating a fuel cell are good also as suspending operation about apparatus other than 
voltage equipment. That is, the efficiency as the electromobile 10 whole can be raised by 
stopping under predetermined conditions or carrying out spinning reserve operation of the 
auxiliary device operated for power generation by a fuel cell. 
[0077] 

D4. modification 4 : 

in the intermittent operation judging process routine shown in drawing 6 , although judgment 
whether operational status is changed into intermittent operation mode from steady operation 
mode was performed based on the voltage of the wiring 50, it is based on a different value - 
things . As mentioned already, if based on the voltage of the wiring 50, it can change correctly 
in desired timing, but since it fluctuates according to a load request, the output of the fuel cell 
60 may be judged based on the size of load. Or based on the output current value of the fuel 
cell 60, the change in intermittent operation mode from steady operation mode may be judged. 
When it will be in the state of falling to the grade which is not desirable, intermittent operation 
mode should just be performed. 
[0078] 

D5. modification 5 : 

Although the switch 20 into which connection of the fuel cell 60 to the wiring 50 has been gone 
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in the 1st example was formed to each of two terminals of the fuel cell 60, it is good also as 
forming a switch only in either. What is necessary is just to be able to stop the output from the 
fuel cell 60 in intermittent operation mode. 
[0079] 

D6. modification 6 : 

In the example mentioned already, the fuel cell system 22 decided to use hydrogen gas as fuel 
gas. On the other hand, the composition using reformed gas as fuel gas is also possible. In 
such a case, what is necessary is just to suppose that it replaces with the device which stores 
hydrogen as the fuel gas feed zone 61 , and has a device which generates reformed gas in the 
fuel cell system 22 shown in drawing 2 . What is necessary is just to suppose that it has a tank 
in which the reforming fuel and water with which a reforming reaction is presented are 
specifically stored, a reaction part provided with a reformer provided with a reforming catalyst, 
and the catalyst which promotes the reaction for reducing the carbon monoxide concentration 
in reformed gas further, etc. 
[Brief Description of the Drawings] 

[Drawing 1] lt is a block diagram showing the outline of the composition of the electromobile 10. 

[Drawing 2] lt is an explanatory view showing the outline of the composition of the fuel cell 
system 22. 

[Drawing 3] lt is an explanatory view showing the relation between the output current in the fuel 
cell 60, and output voltage or output power. 

[Drawing 4] lt is a flow chart which defines the operational status of the blower of a fuel cell. 
[Drawing 5] lt is an explanatory view showing the size of the output of the fuel cell 60, and a 
relation with energy efficiency. 

[Drawing 6] lt is a flow chart showing the change routine of the mode of operation. 
[Drawing 7] lt is an explanatory view showing the output voltage of the fuel cell 60 in case 
steady operation mode and intermittent operation mode change by turns, and the voltage of 
the capacitor 24. 

[Drawing 8] lt is a flow chart which shows the contents of the auxiliary machinery stop routine 
S160. 

[Drawing 9] lt is a figure expanding and showing the section in the intermittent operation mode 
from the state p3 in drawing 7 to the state p5. 

[Drawing 10] It is a figure showing change of capacitor voltage V c in intermittent operation 
mode. 

[Drawing 11] It is a figure showing change of capacitor voltage V_ in intermittent operation 
mode. 

[Description of Notations] 
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10 


- Electromobile 


15 


- Electric power unit 


20 


— Switch 


22 


- Fuel cell system 


24 


- Capacitor 


27 


- Remaining capacity monitor 


28 


~ DC to DC converter 


30 


- Drive inverter 


32 


~ Drive motor 


34 


— Reduction gear 


36 


- Output shaft 


38 


- Vehicle driving shaft 


40 


- High voltage auxiliary machinery 


42 


- Diode 


48 


- Control section 


50 


- Circuit (wiring) 


52 


— Voltmeter 


60 


— Fuel cell 


61 


— Fuel gas feed zone 



61b- Valve 

62 - Hydrogen gas supply route 

63 - Hydrogen gas exhaust passage 

64 - Blower 

65 - Oxidizing gas supply route 

66 - Cathode exhaust gas path 

67 — Hydrogen circulating pump 

E Q - System efficiency of a fuel cell in case an output is P ( 

V Q - Current of a fuel cell in case an output is P Q 

l pc - Output current 

OCV - Open circuit voltage 
P Q - Output of a fuel cell 

P pc - Electric power 

Pr1-Pr7 - Section 

S160 - Auxiliary machinery stop routine 

V Q - Voltage of a fuel cell in case an output is P Q 
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V c - Capacitor voltage 
V pc ~ Output voltage 
p1-p7 ~ State of a capacitor 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]lt is a block diagram showing the outline of the composition of the electromobile 10. 

[Drawing 2] lt is an explanatory view showing the outline of the composition of the fuel cell 
system 22. 

[Drawing 3] It is an explanatory view showing the relation between the output current in the fuel 
cell 60, and output voltage or output power. 

[Drawing 4] lt is a flow chart which defines the operational status of the blower of a fuel cell. 
[Drawing 5] lt is an explanatory view showing the size of the output of the fuel cell 60, and a 
relation with energy efficiency. 

[D raw ing 6]lt is a flow chart showing the change routine of the mode of operation. 
[Drawing 7] lt is an explanatory view showing the output voltage of the fuel cell 60 in case 
steady operation mode and intermittent operation mode change by turns, and the voltage of 
the capacitor 24. 

[Drawing 8]lt is a flow chart which shows the contents of the auxiliary machinery stop routine 
S160. 

[Drawi ng 9] lt is a figure expanding and showing the section in the intermittent operation mode 
from the state p3 in drawing 7 to the state p5. 

[D rawing 10] It is a figure showing change of capacitor voltage V c in intermittent operation 
mode. 

[Drawing 11 l it is a figure showing change of capacitor voltage V c in intermittent operation 
mode. 

[Description of Notations] 

10 -- Electromobile 

15 - Electric power unit 
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20- 


Switch 


22- 


Fuel cell system 


24- 


Capacitor 


27- 


Remaining capacity monitor 


28- 


DC to DC converter 


30- 


Drive inverter 


32- 


Drive motor 


34- 


Reduction gear 


36- 


Output shaft 


38- 


Vehicle driving shaft 


40- 


High voltage auxiliary machinery 


42- 


Diode 


48- 


Control section 


50- 


Circuit (wiring) 


52- 


Voltmeter 


60- 


Fuel cell 


61 - 


Fuel gas feed zone 



61 b- Valve 

62 - Hydrogen gas supply route 

63 - Hydrogen gas exhaust passage 

64 -- Blower 

65 — Oxidizing gas supply route 

66 Cathode exhaust gas path 

67 - Hydrogen circulating pump 

E Q - System efficiency of a fuel cell in case an output is P ( 

V Q - Current of a fuel cell in case an output is P Q 

l FC - Output current 

OCV - Open circuit voltage 
P Q - Output of a fuel cell 

P pc - Electric power 

Pr1-Pr7 Section 

S160 - Auxiliary machinery stop routine 

v o ~ Vo,ta 9 e °f a fuel ce|1 in case an output is P Q 

V Q — Capacitor voltage 

V - Output voltage 
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p1-p7 ~ State of a capacitor 
[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the 
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2.**** shows the word which can not be translated. 
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DRAWINGS 



[Drawing 11 
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[Drawing 21 
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[Drawing 3] 
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[Drawing 41 
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[Drawing 51 

(A) 







— M 






Mftft^j 






[Drawing 6] 
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[Drawing 71 
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[Drawing 81 



.SIM 



S260 




EE3E5ffl 



C ) 



[Drawing 91 
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[Drawing 101 
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[Drawing 11] 
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[Translation done.] 
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